-3 -Strengthening surveillance will be essential in the framework of the anticipated global elimination campaign for measles.
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Epidemic trend Measles elimination China   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 -5 - Stage II: Promotion of measles vaccination (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) . No refrigerant equipment was available over this time period, and the measles vaccine was unstable at high temperatures. The measles vaccine had to be used all at once to ensure effective immunity. Usually, vaccination was available twice a year for each region, when all children were gathered for immunization with a very low (approximately 20%) coverage rate, so the artificially acquired immunity could be completed in 5 years.
The number of immunized children in each county is required to be reported to Shandong CDC by law, based on the immunization card for each child collected by staff at local (village) clinics. Staff at the Shandong CDC then collated the data and estimated the average coverage rate using the total number of actually immunized children divided by the total number of children who should be immunized. The   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Surveillance systems were reinforced to ensure vaccination coverage of 95%.
<B>Analysis approaches
Descriptive analyses, piecewise exponential smoothing technique and a time series analysis were performed based on the above five stages with different measles control strategies.
Measles epidemics are affected by the method of immunity prevention. In order to discuss the approach to forecast the incidence of the disease, this study attempted to 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 -8 -use piecewise exponential smoothing analysis to separate the season term and trend term of the incidence of measles. 21 Logarithmic transformation was performed because of the incidence trend. 21 Rather than keep the initial five stages, the dataset was regrouped into three time periods (i.e. -1976, 1977-1986 and 1987-2005 ) because these time periods had similar decreasing trends in the incidence of measles, which improved the effectiveness of forecasting.
1963
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<A>Discussion
This study identified seasonality and periodicity of the incidence of measles before measles vaccination, when measles virus was in a natural infectious state. Consistent with observations from other countries, 3 there were outbreaks of measles every 3-4 years in Shandong Province. 22 After implementation of measles vaccination activities, especially programme immunity, the number of epidemics decreased and incidence declined quickly.
The variation in vaccination efforts in different regions led to an imbalance in the incidence of measles across the regions. From Stage II to Stage IV, the incidence of measles remained high. The reasons may include lower economic status of local residents, low vaccination coverage and poor surveillance networks in these regions.
The reason for the high incidence of measles in Binzhou in Stage V was mainly due to an outbreak that accounted for 80% of the total cases in Shandong Province. 23 Increasing numbers of immigrants could be another reason for the increased incidence of measles in Stage V. 23 The flow of immigrants between local regions caused the spread of the disease from rural regions to cities. The incidence of measles in Zaozhuang was high from 1994 to 2004. Zaozhuang is in the south of Shandong Province, the density of the population is low compared with other regions, and the population had a relatively low socio-economic status. In addition, vaccination coverage was low at that time. However, the incidence of measles decreased gradually in Zaozhuang from 2005, but remained high in Bingzhou. One of the strengths of this study is the combined piecewise exponential smoothing technique of time series analysis, and the consideration of different stages of strategies in prevention and control to identify dynamic features of the measles epidemic. This method may be useful to study other vaccine-preventable infectious diseases (e.g. chincough, lockjaw 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 -12 -and diphtheria) because it can separate the seasonality and trend terms in different stages, expose the epidemic's dynamic character and thus give a reasonable forecast for the future. This method provides a high-quality, stable evaluation for precise prediction.
Based on the trend analysis data from previous years in this study, the measures of prevention at different stages had a tremendous effect on the epidemic dynamics of measles. According to the results of the last stage, the incidence of measles should remain at a stable low level. Progress towards measles elimination in 2012 in Shandong Province is a little pessimistic. Some measures should be strengthened to eliminate measles, especially from the Government at all levels and strategic planning of public health. Efforts from the Government should be reinforced to widen immunization coverage by routine vaccination projects, to enhance disease surveillance, and to prevent and control outbreaks.
As a vaccine-preventable infectious disease, an effective surveillance system is crucial to ensure the elimination of measles .1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 -13 -This study has some limitations. Firstly, it is acknowledged that due to the lack of the annual population structure from all the study areas over the lengthy time period, standardization of the incidence of measles over the years was not possible. Secondly, different time-mathematical models used to analyse time series data of infectious diseases (e.g. the seasonal autoregressive integrated moving average model 27 ) may have influenced the results. In order to improve forecasting ability of the incidence of measles, one of the directions for future study is comparison with various mathematical models. Considering the complicated effect factors for the transmission of measles in Shandong, another limitation of this study is that some potential confounding factors (e.g. changes in population structure, immigration and socioeconomic status) could not be included in this study due to data availability. It is recommended that collaboration within multisectoral government offices is necessary to improve the strategic planning of prevention and control of measles in China.
<A>Conclusions
This study has discovered the various effects of different strategies on the incidence of measles in Shandong, China, which will provide valuable information to assist local public health policy making and can also be applied at national level. There are still some challenges to improve vaccination coverage and efficacy in order to eventually eliminate measles in China. Strengthening surveillance will be essential in the framework of the anticipated global elimination campaign for measles.
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